Abstract. Polycystic ovary syndrome (PCOS) is a common endocrine disorder in women of reproductive age. A number of PCOS complications may be associated with the elevated level of angiotensin II and low bradykinin concentrations. The aim of the present study was to investigate the frequencies of angiotensin converting enzyme (ACE) gene insertion/deletion (I/D) polymorphisms in women with PCOS and to determine the association between ACE genetic variants and the risk of metabolic and cardiovascular complications in such women. A total of 138 PCOS patients and 110 healthy volunteers were enrolled. Cardiovascular risk was estimated according to the criteria of the American Heart Association and Androgen Excess and PCOS Society. The median average age was 28.5 (26.0-31.0) and 27.0 (24.0-30.0) years in the control and PCOS groups, respectively (P=0.004). Anthropometric parameters, including body mass index and waist circumference were significantly higher in the PCOS patients. In the PCOS group, 97 (57.4%) of the subjects were metabolically unhealthy, whereas, in the control group 51 (46.4%) subjects were (P=0.07). The II, ID, and DD genotypes frequencies were 29.1, 44.5, and 26.4% in the controls and 5.0, 37.7, and 57.3% in the PCOS patients. The cardioprotective I allele was observed significantly less frequently in the women with PCOS compared with the controls [odds ratio (OR), 3.27; P=0.0001]. The DD genotype, which is known to increase cardiovascular risk, was more frequently observed in PCOS patients (OR, 3.87; P=0.0003), whereas the cardioprotective II genotype occurred in this group less frequently (OR, 0.4; P=0.06). The results of the present study demonstrated a statistically significant association between the ACE I/D polymorphism and the presence and intensity of metabolic disturbances in women with PCOS.
Introduction
The renin-angiotensin system (RAS) is known to be a regulator of blood pressure and fluid balance in organisms, however, evidence suggests that it may also be important in the regulation of follicular development, oocyte maturation, ovulation, and steroidogenesis, in addition to the formation of the corpus luteum (1) . Angiotensin converting enzyme (ACE), one of the most important components of RAS, is a zinc metallopeptidase involved in the conversion of angiotensin I to angiotensin II, and in the degradation of bradykinin (2) . It is expressed in multiple tissues, including the ovaries (2) , and exists in a membrane-anchored form on the surface of endothelial and epithelial cells and as a circulating plasma form (3) . Ovarian tissues contain prorenin/renin, angiotensinogen, and ACE essential for the production of angiotensin (2, 4, 5) . In vitro studies have demonstrated that ACE is responsible for the angiogenesis of ovarian endothelium (6) , steroidogenesis (7), resumption of meiosis (8) , and follicular growth (9) .
Polycystic ovary syndrome (PCOS) is a common endocrine disorder present in 5-10% of women of reproductive age, consisting of anovulation, hyperandrogenism, insulin resistance (10, 11) , and long-term metabolic and cardiovascular complications (12) . Previous studies have evaluated environmental and genetic factors that may contribute to the etiology Association between the angiotensin converting enzyme gene insertion/deletion polymorphism and metabolic disturbances in women with polycystic ovary syndrome of PCOS (11, 13) . Although >70 candidate genes have been investigated for a role in the development of PCOS and its complications, the results have been inconclusive, indicating that abnormalities in other genes may be key factors in the pathogenesis of PCOS (14) (15) (16) . Few studies have described the role of ACE in human ovaries and the etiology of PCOS. It appears that certain complications of PCOS may be associated with elevated levels of angiotensin II and low bradykinin concentrations (1, 17) . Individual variations in plasma ACE concentration are associated with the insertion (I)/deletion (D) polymorphism in the 287 bp DNA sequence situated in intron 16 of the ACE gene (18) . Previous studies have indicated that receptors for angiotensin II are present on steroidogenic cells responsible for the synthesis of steroid hormones (1, 2, 4) . It has also been demonstrated that the ovarian RAS in women with PCOS may be upregulated (4) and, particularly, the presence of the D allele results in higher levels of plasma ACE (18) , which subsequently leads to elevation of angiotensin II levels and disorder of steroid hormone synthesis (19) . Recent studies have investigated the importance of the ACE gene I/D polymorphism in PCOS, insulin resistance, and hyperandrogenism (20, 21) , however, they have returned contradictory findings.
The aim of the present study was to analyze the frequencies of the ACE gene I/D polymorphisms in a group of women with PCOS compared with a control group consisting of healthy women, and to determine the association between the ACE genetic variants and the risk of metabolic and cardiovascular complications in women with PCOS.
Materials and methods
Study subjects. Patients were recruited from the Department of Infertility and Reproductive Medicine of Poznań University of Medical Sciences between July 2012 and December 2013. A total of 138 patients were included in the study group. The diagnosis of PCOS was confirmed according to the Rotterdam consensus criteria (22) . Other endocrinopathies and associated disorders were excluded by measuring basal prolactin, thyroid stimulating hormone and 17-hydroxyprogesterone levels. Hyperandrogenism was identified based on the presence of hirsutism as demonstrated by a Ferriman-Gallwey score (FG) (23) of >8 and/or presence of acne and/or elevated androgen levels. Patients with a history of endocrinopathies, including hyperprolactinemia and thyroid diseases, and other metabolic disturbances, such as hyperlipidaemia or diabetes mellitus were excluded.
The control group included 110 healthy volunteers with no menstrual cycle irregularities, clinical or biochemical hyperandrogenism, PCO on ultrasonography, history of endocrinological or autoimmune disorders, and surgery to the pelvic region.
The cardiovascular risk was estimated in the two groups according to the criteria of the American Heart Association (AHA) and the Androgen Excess and PCOS Society (AE-PCOS), which considers the risk for type 2 diabetes mellitus, stroke, and cardiovascular disease (CVD). The following criteria were used to divide the patients in the study and control groups into at-risk [metabolically unhealthy (MU)] and not at-risk [metabolically healthy (MH)]. Patients were included in the at-risk group if any of the following factors was present: i) Obesity, particularly increased abdominal adiposity; ii) cigarette smoking; iii) hypertension; iv) dyslipidemia, increased low-density lipoprotein (LDL) cholesterol and/or non-high-density lipoprotein (HDL) cholesterol; v) impaired glucose tolerance; vi) family history of premature CVD, <55 and 65 years of age in male and female relatives, respectively; and vii) metabolic syndrome (24, 25) .
Patient evaluation. Medical and family history were investigated for all patients, and clinical examination was performed, including measurement of body weight, height, waist circumference (WC) at the midpoint between the lateral iliac crest and the lowest rib margin at the end of normal expiration, waist to hip ratio (WHR), and hip circumference (HC) measured at the widest level of the greater trochanters. Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters (kg/m 2 ). According to the World Health Organization categories, being overweight was defined as having a BMI from 25.0-29.9 kg/m 2 , and obesity was defined as BMI of ≥30.0 kg/m 2 (26). All the patients enrolled in the study were evaluated during the early follicular phase of the menstrual cycle (days 3-5) subsequent to discontinuation of antidiabetic and contraceptive agents for ≥3 months.
Biochemical and hormonal analysis. Biochemical parameters were measured in the Central Laboratory of Poznań University of Medical Sciences (Poznań, Poland), which is a certified facility meeting the criteria of ISO 9001. Blood samples for biochemical and hormonal analysis were drawn from the antecubital vein between 8 and 10 AM following a 12-h overnight fast. Samples that were not analyzed the same day were centrifuged and the plasma was aliquoted and stored in -70˚C until assayed.
The 75-g oral glucose tolerance test was performed in all patients to measure glucose and insulin levels. Blood samples were obtained at baseline and at 30-min intervals for 2 h. Visceral adipose index (VAI) in females was calculated using the following formula: VAI = (WC /39.68+1.89 x BMI) (TG /0.81) x (1.52/ HDL) (27) .
Molecular analysis. The molecular analysis was performed in the Laboratory of Experimental Pharmacogenetics, Department of Clinical Pharmacy and Biopharmacy, Poznań University of Medical Sciences (Poznań, Poland). The ACE gene I/D polymorphism was assessed using the polymerase chain reaction (PCR) method. DNA was isolated from white blood cells with the QIAamp Blood Mini kit (Qiagen GmbH, Hilden, Germany) and PCR was performed using LightSNiP ACE 289 bp DeletionTib MolBiol GmbH (Berlin, Germany). The primers used in the PCR reaction were as follows: Forward, 5'-CTG GAG ACC ACT CCC ATC CTT TCT-3' and reverse, 5'-GAT GTG GCC ATC ACA TTC GTC AGAT-3' for ACE gene I/D polymorphism; and an additional primer specific for the insertion, 5'-TGG GAT TAC AGG CGT GAT ACAG-3'. They were described by Rigat et al (18) and Ueda et al (28) and obtained from Tib MolBiol GmbH. The PCR reaction protocol consisted of an initial denaturation step at 95˚C for 4 min, followed by 30 cycles of amplification (30 sec at 95˚C, 30 sec at 61˚C, and 60 sec at 72˚C). The final extension step was 10 min at 72˚C. The PCR products were analyzed by agarose electrophoresis in the presence of ethidium bromide and visualized in UV light using a documentation system (KS 4000; Syngen Biotech Molecular Biology Instruments, Wroclaw, Poland). The following fragments were detected: Insertion/insertion (II), 480 and 160 bp; insertion/deletion (ID), 480, 190, and 160 bp; and deletion/deletion (DD), 190 bp.
Statistical analysis. All statistical analyses were performed using the Statistica version 10 PL software (StatSoft, Inc., Tulsa, OK, USA). The distribution of variables was investigated using the Shapiro-Wilk test and nonparametric tests. In particular, the Mann-Whitney U test and the Kruskal-Wallis test were used for non-normal distributions. Continuous variables are expressed as medians (interquartile range (IQR), 25-75th percentile) unless otherwise indicated. P<0.05 was considered to indicate a statistically significant difference. Between-group differences and differences among genotype groups were assessed using the Mann-Whitney U test. χ 2 analysis was used to compare the distribution of genotypes and alleles for the ACE polymorphism between the groups and to assess between-group differences for non-continuous variables.
The study protocol was approved by the Ethics Committee of Poznań University of Medical Sciences (Poznań, Poland). Written consent was obtained from all the subjects enrolled in the present study.
Results
The characteristics of the two groups are presented in Table I . The median average age in the control and study groups was 28.5 (26.0-31.0) and 27.0 (24.0-30.0) years, respectively (P=0.004). Although the subjects in the control group were significantly older than those in the study group, and it is known that older age is associated with more severe metabolic disturbances, however, no characteristics, such as high BMI and WC, elevated fasting insulin level, and presence of metabolic syndrome or dyslipidemia, were more prevalent in the controls compared with the study group subjects.
Anthropometric parameters, including BMI and WC were significantly higher in the PCOS patients. Notably, there were no differences in HC and WHR between the groups, and the present study did not observe any significant differences in blood pressure levels. Furthermore, none of the women suffered from hypertension. Although abdominal and general obesity were more frequent in the PCOS group, notably, the subjects in the control group tended to have higher levels of TG and lower HDL cholesterol concentrations. Nevertheless, the concentration of LDL cholesterol was significantly higher in the PCOS group (P<0.0001). Although abnormal glucose metabolism was not present in subjects from either group, a tendency in the PCOS patients to have higher fasting insulin levels was observed (Table I) .
The obtained results confirmed the observation that the women in the PCOS group were significantly more predisposed to having higher WC and BMI (P=0.000001; Table II) . No women from the control group were obese, as opposed to 26 (15.45%) of the women in the study population. Although the median level of TG was lower in the PCOS group, the number of patients with abnormal TG levels was significantly higher (P=0.004).
ACE genotypes were subsequently analyzed. The II, ID, and DD genotype frequencies were 29.1, 44.5, and 26.4% in the controls and 5.0, 37.7, and 57.3% in the women with PCOS, respectively. In the control group, the II genotype was observed significantly more often than in the PCOS group (P<0.00001), whereas the DD genotype was presented significantly more often in the PCOS group (P<0.002; Table III ). The genotype distribution complied with the Hardy-Weinberg equilibrium (P>0.05). The frequency of the I allele was 51.4% in the control group, but only 23.9% in the study group, whereas the D allele was present in 48.6% of the controls and 76.09% of the PCOS patients (P<0.00001).
The association between the ACE gene I/D polymorphism and the development of metabolic disturbances was investigated. The distribution of the alleles and genotypes were associated with presence of metabolic disturbances in the groups formed according to the AHA and AE-PCOS criteria. The two groups were divided according to the presence of metabolic risk factors, and it was subsequently observed that there was a significantly higher prevalence of the D allele in all the PCOS subgroups compared with the control subgroups, irrespective of the presence of metabolic risk factors [odds ratio (OR), 3.27; P=0.0001; Fig. 1 ]. There was no significant difference in the frequency of the D allele, which predisposes to heart disease, between the MU control subgroup (Control-MU) and the metabolically healthy control group (Control-MH; Fig. 1 ). By contrast, the cardioprotective I allele was encountered significantly less often in the PCOS subgroups than in the controls (OR, 3.27; P=0.0001; Fig. 2) .
The distributions of the DD and II genotypes presented in Figs. 3 and 4 , respectively, confirmed that the DD genotype, which is known to increase the risk of CVD, was significantly more frequent among the PCOS patients (OR, 3.87; P=0.0003), whereas the cardioprotective II genotype occurred in this group less frequently (OR, 0.4; P=0.06). There was no difference in the distribution of ID genotype (data not shown).
Discussion
Although the present study demonstrates the conclusion of numerous previous reports that metabolic syndrome is more frequent in women with PCOS than in the healthy population (29, 30) , the prevalence of metabolic syndrome in the study population (8.9%) is low compared to the results of Apridonidze et al (29) and the data obtained in women who participated in the National Health and Nutrition Examination Survey III survey (30) . In fact, this frequency is only slightly higher than the estimated overall frequency of 6% in women between 20 and 29 years old (30) . As presented in Tables I  and II , the predominant indicators of metabolic syndrome in PCOS women are increased BMI and deranged biochemical profile. Despite the presence of numerous women with obesity, there were no subjects with hypertension in either of the groups, and no tendency to exhibit higher blood pressure was detected, which may be associated with the young age of the participants. These results contradict the previous findings of Chen et al (31) who indicated that PCOS and accompanying hyperandrogenemia in young women with PCOS were associated with elevated systolic and diastolic blood pressure independently of age and presence of insulin resistance, obesity, and dyslipidemia. Notably, the PCOS patients in the present study had healthier lipid profiles compared with the controls. The higher levels of HDL cholesterol and the lower levels of TG in the study group suggest that there may be a different mechanism underlying the development of metabolic disturbances in women with PCOS compared with healthy women. This finding is in disagreement with the results of Legro et al (32) who observed that PCOS patients more frequently exhibited low HDL cholesterol levels and hypertriglyceridemia. Cardoso et al (33) , who investigated the association between the ACE gene D/I polymorphism and lipid profile, demonstrated that, in the general population, women with the DD genotype had the highest mean values of triglyceride levels, while women with the II genotype had the highest mean values of HDL cholesterol (33) . The subjects in the PCOS group in the present study had higher concentrations of HDL cholesterol and lower TG levels, and the majority of them had the DD genotype. Low serum HDL cholesterol is a known risk factor of CVD, independently of serum LDL cholesterol levels (34) . Therefore, the finding of the present study and the results of Apridonidze et al (29) who also suggested that the presence of PCOS by itself confers an increased risk of metabolic syndrome, indicate that this disturbance may have an alternative pathogenesis. The role of ACE in RAS is crucial as it is responsible for the regulation of blood pressure, angiogenesis of ovarian endothelium, growth of follicles, steroidogenesis, and inflammation. ACE is expressed in multiple tissues, including the ovaries, and contributes to the genesis of numerous disorders (6,7). More than 76 polymorphisms in the ACE gene have been identified, with the ACE I/D polymorphism being the most common. The frequency of this polymorphism in women with PCOS requires further elucidation, and the association between the ACE I/D polymorphism and PCOS and its complications has not yet been confirmed.
The present study has demonstrated that women with PCOS exhibit a significantly higher prevalence of the D allele, which predisposes them to CVD and hypertension, and they are less likely to have the protective I allele. This finding contradicts the previous results of Sun et al (19) who did not observe differences in genotypic distribution between patients with PCOS and controls. Numerous possibilities may account for this discrepancy. First, the previous study predominantly aimed to investigate whether ACE-1 polymorphism has an impact on the pathogenesis of PCOS, rather than on the development of metabolic disturbances. The smaller sample size in the present study may be another factor. In this regard, the study of Deepika et al (35) which was performed in a large group of patients, confirmed the results of the present study that the DD genotype occurs significantly more often and the II genotype less often in PCOS patients compared with healthy controls. However, in this previous study the frequencies of the D and I alleles did not vary significantly between the groups.
Notably, although the control group was older, and age is a risk factor in metabolic disorders, metabolic syndrome was more frequently observed in the PCOS group. Deepika et al (35) suggested that the DD genotype in women with PCOS may be a risk factor for the early onset of symptoms, including hyperandrogenism, insulin resistance, obesity, and enhanced RAS activity. This may confirm the findings of the present study that indicate metabolic risk factors were present more frequently in the PCOS group and in the subgroups with the II genotype.
Finally, the finding that MU subjects had significantly higher fasting insulin levels is in line with the results of a previous study that demonstrated an association between the presence of acanthosis, a marker for insulin resistance, in women with D alleles and DD genotypes (35) . The present study determined that there is an association between the ACE I/D polymorphism and the presence and intensity of metabolic disturbances in PCOS women. Future studies should aim detect patients at higher risk of developing metabolic complications in order to alter their lifestyle and diet. Metabolic improvement during the early years of genetically at-risk individuals may attenuate the risk and progression of CVD.
